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Abstract 
GIS modeling of environment is a complex process of collecting, processing, organization, storage and access on huge amount of 
data which represents certain part of reality (space). Database, formed in this way, is applicable for analysis, forecasting and 
decision making about activities and aims related to the environment. This paper, in spite of their undoubted advantages and 
importance, focuses on some deficiencies of GIS. Those deficiencies could appear as a consequence of fact that analysis of dynamic 
reality is made on the base of historical data, which consequently means that available data represent the past i.e. they are not, or 
they are only partially adequate to present state of the considered reality. In the same time, the collected data contains particular 
errors, which could influence quality of decision related to activities connected with environment, feasibility and sustainability of 
technical solutions. Errors especially could influence the sensitive and rare resources as freshwaters because of increasing demands 
and limited available sources. This paper deals with GIS modelling error of environment influence on waterpower engineering. 
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1. Introduction 
External world we get to know through the information we get from it and through cognitive processes of 
intellectual processing we associate those information to and form certain models of state and behavior of reality 
which we observe. The Process of information flow from external world is mostly irreversible i.e. the information 
which certain phenomenon has emitted from the real world could be considered as characteristic for that location and 
that point of time where and when those information can be recognized. This is consequence of the fact that observed 
phenomenon which emits the information is also changing itself and consequently information emitted is also changed. 
From this reason, if we want to describe certain phenomenon or to get idea of it, is necessary to gather sufficient 
amount information which allow its description enough precisely to distinguish observed phenomenon from other 
(similarly or different) phenomenon and to distinguish itself in different points of time.  When we consider 
understanding of reality in which the individuals and society exists we shall bearing in mind also the ability of 
individuals or society to understand the complex processes and phenomena on the base of available information. 
Research methodology in general is based on gathering, systematization, processing and interpretation of data of 
external world. This approach in representation of geographic information was based on the analogue cartographic 
techniques until the communication and information technologies have reached adequate capacity and efficiency for 
processing huge amount of data. Transition from analogue to digital cartographic representation was a huge step 
forward for humans’ ability to describe, explain and perhaps make better decisions about managing the world they 
live in [1].  
Development of different technologies for mass geographical data collection (aerial photogrammetry, LiDAR and 
satellite techniques) as well as development of information and communication technologies, which allows efficient 
access and management of that information, introduced the term “Geographical Information System-GIS” in science 
and practice. However, in broader sense, it could be said that geographical information systems have existed before 
the contemporary information and communication technology which only increased the scope of content and 
efficiency of process of accessing and utilization of information contained in GIS. GIS as a source of information 
could be a base for broad scientific disciplines and professions. In GIS use, it is possible to differentiate terms 
efficiency and effectiveness.  
According to [2] efficiency in GIS use occur when same task previously done without GIS can be done less 
expensively with GIS, and effectiveness occur when the GIS allows completion the task that would not be done 
without the GIS. Because of possible huge amount of information, it is not often practical to use all information 
contained in GIS. Using unnecessary information could decrease efficiency or create confusion during GIS utilization. 
This reason caused creation of special GIS which contains only information related to narrower part of reality omitting, 
at the same time, the information which some scientific discipline or profession is not particularly focused on.  
The main aim of GIS is to potentiate efficiency („doing things right“) and effectiveness („doing right things“) [3] 
in management process of certain resource, which means that GIS shall provide information of adequate accuracy and 
reliability for initial conditions as well as the accurate prediction i.e. prognosis of behavior of certain resource and 
demands in the future.  For managing certain resource it is necessary to make decisions timely and adequately in order 
to increase probability for achieving previously defined goals. Management of resources is closely related with 
complexness, delicacy and accuracy. Complexness of certain phenomenon is defined by the number of its elements, 
their changes with time and relations between them. Delicacy is related with the phenomenon of resources when little 
changes in initial conditions could cause unpredictable consequences i.e. when small changes in the system variables 
could cause the unpredictable changes in the dependent variables. The Accuracy of data contained in GIS is limited 
by unavoidable errors during their measurement, gathering, processing, interpretation and analysis. The GIS errors 
are the difference between real values of parameters and their values registered in GIS [4].   
When managing certain complex phenomenon and/or process, the prediction of their behavior in future is the 
indispensable condition for planning. The term “prediction” here is used in scientific sense based on the knowledge 
of natural phenomenon behavior. Complex natural phenomena could have predictable values of state parameters in 
the different points of time in future i.e. they could behave following smooth curves in time. However, in some 
particular cases smooth behavior of some parameters could lead to sudden and huge changes of target function.  The 
scientific area which deals with these sorts of phenomena is known as catastrophe theory [5]. Even though a number 
of significant problems remains concerning catastrophe theory [6], it could help in explain some phenomena.  
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To support the statement of complexity of management process it could be mentioned Conant-Ashby theorem 
which states that “every good regulator of a system must be a model of that system” [7]. Or, in another interpretation 
[8]: “every regulator contains a model of whatever is regulated”, which suggests that models of regulators contain 
structural and parametric submodels. Structural submodels, in that sense, do not contain numerical data, while 
parametric submodels quantify structural models by including coefficients and other numerical values of key 
parameters .At the same time it should not be forgotten that GIS data could be burdened with different errors [9]. 
Concisely it could be said that managing certain phenomenon needs knowledge which is based on the available 
information of it, on the prediction of its behavior and on the decision making for taking certain actions. Initial 
assumptions in this paper, according to previously said (excluding cases which could be treated by catastrophe theory) 
are: 
- All subsystems of managing certain phenomenon (natural phenomenon i.e. water resources in this paper, 
geographical information systems about water resources – GIS and managing process of water resources) are 
complex systems and 
- All mentioned subsystems contain errors.  
Based on initial assumptions, immediately follows that decisions are made in the conditions of imperfect 
information, and by utilization imperfect methods. Direct consequence of these imperfections is the deviation of 
realized management compared to ideal management. Simplifying this statement, it is possible to say that managing 
effect equals ideal management decreased for losses which occur as a consequence of errors in management model. 
When managing water resources, there is justification for striving to their ideal utilization (utilization without losses) 
because of their importance, exiguity and continuously increased demands. Also, because of sustainability principle, 
it is theoretically justified to optimize their utilization on infinite period of time.  
Fig. 1 illustrates the relationships between knowledge about water resources, GIS which describes them by 
contained information in it and knowledge necessary for water resources management.  
 
Fig. 1. Relationship between Water resources, water management and GIS 
The aim of this paper is to point out possible influence of GIS errors in process of water resource management. 
Because of the importance and simplicity of model illustration example of hydropower equation is given. 
2. Methodology 
Methodology approach on the sustainable management of water resources requires disposal of sets of adequate 
knowledge of water resources, systematized data (contained in GIS of water resources) and by knowledge of 
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management necessary for managing water resources. Intersection of these sets defines the resources for decision 
making of water resources utilization whereby imperative of sustainability, i.e. sustainability as a goal of water 
resources utilization qualifies utilization of other resources mentioned in order to be achieved. From this, it 
immediately follows that sustainable water resources management is based on knowledge of water resources, 
knowledge of management and information of certain water resources contained in GIS.  
Bearing in mind that different approaches of GIS definition are possible [6] in this paper we will consider GIS as 
a set of systematized data of water resources on certain geographic location and point in time, i.e. that every single 
data about considered water resource (for example: discharge, height of water column, temperature of water and other 
registered data) is determined in point whose coordinates and time is known. The nature of those three disciplines 
(knowledge of water resources, knowledge of management and knowledge of GIS) implies that they are cumbersome 
compared with necessary knowledge for efficient decision making for water resources management.  
Management of water resources (as well as management generally) includes planning, organizing and controlling. 
Planning of water resources is based on knowledge of them and on the goals defined, where the availability of water 
resources must be considered as the limiting factor. Organizing means the specific shape and structure of human and 
other resources disposition (infrastructure) which will support the goals achievement, while the control means the 
checking the difference between the planned and realized activities. Because of inevitable changes of resources, it is 
of considerable importance to check difference between possible and realized goals.  
For example: it is possible under some unexpected, but favorable, circumstances to achieve more than planned. 
Namely, during the process of planning the future is predicted with some accuracy. It could lead to wrong decisions 
in water management process and to significant difference between possible and realized results. It is because the 
decisions were made based on the past knowledge but the consequence and effects will occur in the future. If the 
initial parameters in the decision making model really do not allow the achievement of planned results then their 
wrong estimation (i.e. if they are overestimated) could lead to shortfalls. In opposite case, if the initial parameters in 
the decision making model allow better than planned results (i.e. if they are underestimated) it is senseless to compare 
realized with achieved, but it should be strived to achievement the possible results. Importance of water resources 
implies that management of water resources should maximize the contribution to their sustainability regardless of 
fluctuations in their availability. 
The characteristics of water resources (quality, scope, availability, time disposition, physical characteristics, etc.) 
is possible to know only in the past, and according to level of knowledge of their behavior it is possible to assume 
(forecast, predict) these characteristics in the future. Thereby different utilization of water resources requires different 
knowledge of different parameters. For example: water resources management in hydropower production or water 
supply requires different approaches from aspects of sustainability, while combined utilization could conflicting goals. 
From this immediately follows that accuracy of information about water resources directly affects water resources 
management results. Underlying assumption in this paper is that information about certain water resource is 
systematized in the form of contemporary meaning of geographic information system (GIS).  
Accuracy of information is possible to determine considering characteristics of measured parameter and accuracy 
of measuring methodology which is utilized. For example: water level is measured by different equipment which itself 
contains sources of different kind of errors and has a limited accuracy but also the appearance of waves or variations 
in water level caused by difference of air pressure on the different points of watercourse could lead to error or to 
under-representation of measured value. Also some parameters of water resources changes in time or with 
temperature. For example: water density is changing with temperature while temperature is changing depending on 
time of day or season. If those parameters are not taken during the database creation it could cause errors in managing 
of hydropower production. These errors during data processing are spreading and influence searched value depending 
on shape of formula which describes their dependences. 
In this paper we assume that curves of parameters are smooth and changeable with time. Smoothness of those 
curves means that their sudden changes are not expected in the sense of catastrophe theory and that their small changes 
will not cause huge changes of searched value. 
Described methodology suggests (and it is assumed in this paper) that water resources management functionally 
depends on hydrological phenomena, that knowledge of them is based on values of their parameters which describe 
them and that those parameters are functionally dependent on information contained in GIS.  As hydrological patterns 
which describe water resources behavior, follow both functional and stochastic dependence it is often unpredictable. 
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In this approach the stochastic behavior of certain parameters will be treated as the span of their possible value 
variation i.e. the error of their determination. The changes of objective function will be determined through span in 
which their parameters vary. Symbolically this statement could be expressed by formula: 
Ȳ ൌ ȲሼሾȳሺȞሺɖሻሿሽ                                                                                                                                                        (1) 
where: 
- ȧ – water resources management; 
- Ȳ – objective function; 
- ȳ – knowledge and parameters of water resources; 
- Ȟ – water resources GIS and 
- ɖ – parameter of water resource. 
Increment of objective function could be expressed as follows: 
ȟȲ ൌ பஏ
ப୑
ப୑
பஐ
பஐ
ப୻
ப୻
ப஧
ȟɖ                                                                                                                                                       (2) 
where: 
-  ȟȲ – increment of objective function; 
- பஏ
ப୑
ǡ ப୑
பஐ
ǡ பஐ
ப୻
ǡ ப୻
ப஧
 – derivative of objective function Ȳ and 
- ȟɖ – the span to which data could vary (i.e. error of parameter ɖ contained in GIS). 
Formula (2) points out that the error of hydrological parameter is propagating through the entire water managing 
process and affects objective function. Influence on objective function depends on the explicit form of objective 
function (1) and the error of respective parameter. Influence of parameters’ error described by formula (2) is strictly 
valid if only functional dependency exists in process of management. For example: it being understood that overhaul 
of hydropower aggregates should be performed in periods with minimum flow. In case of wrong choice of that period 
(which only could be predicted) it is a consequence of water resources management based on knowledge of 
hydrological parameters, errors which could originate in GIS during observed data processing, and the errors of 
measurement of hydrological parameter itself. 
As well-known from mathematics, increment of multivariable function could be determined using next formula 
(the terms of higher order are neglected): 
ȟȲሺݔଵǡ ݔଶǡ ǥ ǡ ݔ௡ሻ ൌ σ
డஏ
డ௫೔
ȟݔ௜௡௜ୀଵ                   (3) 
where: 
-ȟȲሺݔଵǡ ݔଶǡ ǥ ǡ ݔ௡ሻ – increment of function; 
- డஏ
డ௫೔
 – partial derivative and 
-  ȟݔ௜ – increment of each parameter ݔ௜. 
Particular problem is the fact that objective function shall be realized in future and the errors in assessment of 
hydrological parameter could affect the expected value of objective function. Forecast (prediction) of hydrological 
parameter values are possible using different models but the best methods is based both on deep understanding of 
physical processes and measurement because it allows model correction (Kalman filter, for example). 
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3. Results 
Presented methodology shall be utilized on case of water resource management in hydro energy production. 
Planning of power production is of very importance for companies because errors occurred in planning process could 
affect business result significantly. If we consider water resource through available power it could be expressed by 
formula: 
ܲ ൌ ݇݃ߩ݄ܳ                                                                                                                                                          (4)  
where: 
- ܲ – power; 
- ݇ – coefficient of efficiency; 
- ݃– gravity; 
- ߩ – water density; 
- ܳ – flow rate and 
- ݄ – height difference. 
Objective function  expressed by formula (4) depends on changeable hydrological parameters such as density of 
water, flow rate and height difference. Coefficient of efficiency and gravity acceleration also are variable and their 
determination is not absolutely correct so those fact shall be taken into account in further analysis.  
Increment of formula for available hydro power (4) determined by formula (3), where the terms of second and 
higher order are neglected, reads: 
ȟܲ ൌ డ௉
డ௞
ȟ݇ ൅ డ௉
డఘ
ȟߩ ൅ డ௉
డ௤
ȟܳ ൅ డ௉
డ௚
ȟ݃ ൅ డ௉
డ௛
ȟ݄                                                                                                       (5) 
If we consider the case of hydro power plant “DJerdap 1” (also known as Iron Gate) upon the Danube, following initial 
values for parameters are: 
݇ ൌ ͲǤͻ͹Ǣ ߩ ൌ ͻͻͻ ୩୥
୫య
Ǣ ܳ ൌ ͶͺͲͲ୫
య
௦
Ǣ ݃ ൌ ͻǤͺͲͷͲͲ ୫
ୱమ
Ǣ ݄ ൌ ʹ͹                                                                 (6) 
Adopted initial values are determined as an approximate average obtained for ,ɏ and , while  is a maximum 
value and  is the normal value of gravity acceleration.  
The increments of parameters’ value are adopted approximately and given in table 1. Table 1 shows how increment 
of parameters affects the increment of power function (4).  
We consider only simplest case because overall analysis of issue complexity which includes mutual dependency 
of parameters (for example: height difference is often dependent on flow rate, or discharges over spillways caused by 
high flow rates could not be used for power production) exceeds the scope of this paper. Adopted initial values were 
determined from the data registered by equipment installed on dam.  
Table 1 shows only one of possible cases and one set of various possible increments of parameters. Complexness 
of managing water resource of the Danube River for electric power production could be illustrated by the hydrographs 
of flow and discharge rate. Fig. 2 shows the hydrograph of water flow rate while fig. 3 shows the hydrograph of 
discharge rate for three years (2012, 2013 and 2014).   
Those hydrographs imply that variation of flow rate of the river Danube are significant, that they could reach 
extreme values and that they are accurately unpredictable for long term, [10-12].  
Hydrographs of flow and discharge rate imply that increment of flow rate is accurately unpredictable in long term but 
that there exists some possibilities for their managing by variating level of accumulation. Sustainability such water resource 
which variate in large span requires optimization of river banks morphology preserve, risk for dam reduction, and 
minimization of undesired environmental effects and maximization of hydro power production (i.e. losses minimization). 
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Table 1: Increment of power function depending of increment of parameters 
 
 
 
Fig. 2. Hydrograph of average Flow rate per day for years 2012, 2013 and 2014 
 
Fig. 3. Hydrograph of average discharge rate per day for years 2012, 2013 and 2014 
4. Conclusions 
Presented methodology describe the complex processes of managing water resource for hydro power production 
in simplified way and points out the possibility for, utilizing simple mathematical model, estimation of variations of 
production hydro power depending on variation of parameters of power function. 
GIS contains data about flow rate but using them for prediction could lead to significant errors. Even in case of 
errors in prediction there are some possibilities to managing water resources for goal of maximization electric power 
production with variation of water level in accumulation but they are limited by river banks preservation, flood 
prevention and acceptable risk for dam.  
Increments  
߲Ȳ
߲ݔ௜
οݔ௜ሾሿ 
¨k=0.01 12.69 
¨U=1 ୩୥
୫య
 1.23 
¨q=1 m3 0.26 
¨g=ͲǤͲͲͷ ୫
ୱమ
 0.63 
¨h=0.1 m 4.56 
¨P [MW] 19.37 
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Even in the case of known data of hydrological parameters (initial values), they are determined with certain error 
what means that power function also will have certain increment. This increment of power function could be treated 
as its uncertainty i.e. error which depends on the initial values of parameters and values of their increments. 
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